ABSTRACT: Dunng the Bremerhaven Workshop, concentrations of Hg, Cd, Pb, Cu and Zn were determined in the liver, kidney, 9111s and muscle of healthy and diseased dab Limanda limanda. The results of this preliminary study indicate relationships between metal concentrations and the state of health of the fish.
INTRODUCTION
Increasing environmental pollution is frequently regarded as a factor reducing natural immunity of organisms, including aquatic species (Mearns & Sherwood 1974) . Metabolic processes in the body depend to a large extent on an organism's condition (Newell et al. 1979) . Chronic heavy metal intoxication may cause disturbances in fish embryonic development (Westernhagen et al. 1979 , Ojaveer et al. 1980 and in the metabolism of essential elements in fish (Protasowicki 1989) . The present work attempts to determine differences between contents of selected elements in organs of healthy and diseased fish.
METHODS AND MATERIALS
Assays were made on females of dab Limanda Lirnanda measuring (total length) 20 to 25 cm. The fish were collected during cruises of RV 'Solea' (14 to 17 March 1990) and RV 'Walther Herwig' (22 to 25 March 1990) at 6 stations on the German Bight transect (Stebbing & Dethlefsen 1992) .
The fish collected were divided into 2 groups:
(1) healthy individuals; and (2) diseased individuals showing ulcers, symptoms of lymphocytosis or papillomas.
Numbers of individuals in each group by area of capture are presented in Table 1 .
The following organs were dissected out: muscles, liver, kidneys, and gills. Samples taken from individual fish were pooled separately for each kind of organ, and particular fishing ground. Before the assays, each sample was homogenized. All assays for sample prepared in this way were run in triplicate.
Mercury content was determined using cold vapour technique (CV AAS) after digestion in HN03-HC104 mixture as in Adrian (1971) . The remaining elements (Cd, Pb, Cu, Zn, and Mg) were determined with FAAS after wet combustion (Protasowicki 1985 
RESULTS AND DISCUSSION
The present study follows contents of 5 trace metals (Hg, Cd, Pb, Cu, and Zn) and 1 macroelement (Mg) in organs of dab in relation to disease condition. Three of the heavy metals studied, mercury, cadmium, and lead, are -in the light of present knowledgeregarded as toxic for animals. The 2 remaining metals, copper and zinc, are elements indispensable for life, and both their excess and deficit are harmful. Magnesium is also an indispensable element.
A comparison is made between metal concentrations in muscles, liver, ludney, and gills of the healthy and diseased fish from 6 stations on the German Bight transect ( Table 2 ). The data indicate considerable variation in levels of different metals in fish. A 2-way analysis of variance without replicates was carried out on these data ( Table 2) . In only about 20 O/o of the cases (Table 3) were the differences, between healthy and diseased fish, statistically significant (source of variation B:
Fca~c. > Fo.05 or o 01).
Mercury contents were higher in muscles of the diseased fish, while the levels in liver, kidneys, and gills remained statistically the same. Differences between cadmium and lead contents in organs of healthy and diseased fish were statistically non-significant. Similarly the copper levels found in muscles, kidney, and gills were found to be independent of the health state of fish. Higher concentrations of copper were found in livers of healthy fish. Livers of the healthy fish contained more zinc than those of diseased fish. On the other hand, most of the healthy individuals showed lower levels of zinc in the kidney. Contents in the remaining organs were simdar in the 2 groups. Muscles -of the diseased individuals were found to contain less magnesium (as total mean) than the respective organs of healthy fish. Magnesium contents in liver, kidney, and gills were statistically the same.
The results obtained and their analysis allow the conclusion that some relationships exist between element contents in dab organs and their disease state. This conclusion should be, however, confirmed on the basis of more detailed studies. Moreover, in the present study it was found that contents of elements in fish differ between various stations along a pollution gradient in the German Bight (Table 3 ; source of vanation A: F ,,,, > F,.,, ., , , , ) and between organs.
